Study of the Substituent Effect of the Diazonium Group in Chlorobenzenes by 35C1-NQR
W o l f g a n g P ie s and A l a r ic h W eiss
Institut für Physikalische Chemie der Universität Münster The NQR spectra of chloroderivatives of benzenediazonium tetrafluoborates have been investi gated at 77 K. The temperature dependence of some of the NQR frequencies was measured. The correlation between the NQR frequencies and substituent parameters is pointed out and the strong influence of the inductive effect on the NQR frequencies is discussed. The 2,4,6-trichlorobenzenediazonium tetrafluoborate crystallizes in two modifications as shown by NQR spectroscopy.
In the study of substituent effects in chlorobenzene derivatives by nuclear quadrupole resonance ( N Q R )1, the diazonium group is of particular inter est because of the strong inductive and mesomeric effect. As shown by M e a l 2, B r a y and Ba r n e s 3, and others, the N Q R frequencies v can be correlated with Hammetts o-values. B ie d e n k a p p and W e iss 1 have pointed out the definition of new sub stituent parameters x similar to Hammetts o but given only by N Q R results seems appropriate and yields the linear correlation
with v0 = 34.695 MHz. They emphasize the im portance of the inductive effect and the small in fluence of the mesomeric effect on N Q R frequencies of chlorobenzenes. The present investigation confirms this result.
Experimental Procedure
The NQR spectra were observed with a DEAN-type circuit4, an externally quenched superregenerative spectrometer with frequency modulation and oscillo scope display. The frequencies were measured by super imposing the NQR signal and the signal of an external frequency meter (Rohde & Schwarz, W IK BN 4421).
The temperature dependence of the NQR frequen cies was measured by dipping the sample tube in a dewar with isopentane cooled to its melting point with liquid nitrogen. Higher temperatures were readied by adding isopentane of room temperature or by allowing the cooling bath to warm up slowly stirring occasional ly. In this way one gets no noticeable temperature gra dient over the sample as indicated by quite sharp N Q R signals. The temperature was measured by a copperconstantan thermocouple to +1 K. The benzenedia zonium tetrafluoborates were prepared by the diazotation of the corresponding anilines following R oes procedure5. They were recrystallized from dry acetonitrile at temperatures below 30 -40 cC. The 2,4,6-trichlorocompound was also recrystallized from cold water. The 3,5-dichloroaniline and the 3,4,5-trichloroaniline were prepared from 2,6-dichloro-4-nitroaniline as usual 6. The 2,3,5,6-tetrachloroaniline was synthesized by nitration of 1,2,4,5-tetrachlorobenzene and by re duction of the resulting 2,3,5,6-tetrachloronitrobenzene7.
Results
The frequencies of the measured chlorobenzenediazonium tetrafluoborates are listed in table I to gether with some additional data on amino-and nitro- cies of chemically inequivalent Cl-atoms showed only small differences, the frequencies were simply as signed according to the preliminary calculations. Taking the crystal field effect and the tolerance of the x-values into account, these assignments might be incorrect, but omission of these frequencies could falsify the x's much more than the incorrect assign ments. However, the potential falsification is still much smaller than the crystal field effect. The final ^-calculation was then made by mean least-squares adjustment according to eq. (1 ). The values are given in table II together with the refined x(Cl). The errors of the x's are the standard deviations given by the computer. The calculated NQR spectra and the differences v -r caic are given in table I. The temperature dependence of some representa tive compounds is shown in Figs. II -IV. According to B a y e r s theory8 the temperature dependence of the NQR frequency may be described by the equa tion 
Discussion
One of the difficulties in interpretating N Q R data in terms of molecular bonding is the uncertainty fac tor caused by the solid state perturbation. The socalled "crystal field effect" is caused by the influence of neighboring molecules on the electric field gra dient at the nucleus under investigation and is there fore dependent on the spatial arrangement of the molecules in the crystal. Therefore " chemically" equivalent atoms in a molecule can give different N Q R frequencies. Also identical molecules in d if ferent crystal modifications have different N Q R spectra. Examples of both cases are given in table I. The crystal field effect can be estimated from the frequency differences. A n established value in the literature 3 < 9> 10 is 400 -600 kHz. In relation to this the 2,4,6-trichlorobenzenediazonium tetrafluoborate is of particular interest. As clearly indicated by the N Q R spectra, crystallization from water and from acetonitrile yields two different modifications. As 421. proved by NQR-spectroscopy and X-ray (Debye-S c h e rre r)-in v e stig atio n s modification II (crystal lized from acetonitrile) can be converted in m odifi cation I (crystallized from water) by grinding the substance with mortar and pestle. I is therefore cal led stable and II unstable. The difference between the N Q R frequencies of the p-CI-atom in the two m odi fications is 919 kHz (Fig. V ) . To our knowledge such a strong crystal field effect has not yet been ob served in chlorobenzene derivatives. It must be em phasized that N Q R data are only meaningful in re gard to the bonding if a data set of similar com pounds is available. the absorption bands at 800 -900 cm-1 and at 688 cm -1. This supports the assumption that only the arrangement of the molecules in the crystal is dif ferent in both modifications. The correlation of N Q R frequencies with the sub stituent parameters « is fairly good as demonstrated by Fig. I . The deviations from the straight line vobs = vcalc are within the limits of ± 500 kHz. This con forms to the usually assumed value of the crystal field effect. The «-values of the diazonium group decrease in the order ortho > m eta> para. The magnitude of the « 's shows the very strong electron attraction of the diazonium group. From the chemi cal knowledge (e. g. the activation effect of the N 2®-group in ortho-and para-positon toward the aro matic nucleophilic substitution11) one would expect the order o>p>m because of the strong " -R " -11 J . F. B r u n n e t u . R. E. We are grateful to Mr. W. W e y r i c h for his help during the least-squares calculations and to the Deut sche Forschungsgemeinschaft for financial support.
